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TLrther Lnvestigation,

nate anc methylthiophosphonic dichloride.

Sy vevesee vimple nhou)wrus compounds contalining alkyl,
S o nu:ygun greupy has been undertaken to obtain furcther funda-
Loy st will be of value in determining the Proco"“"

T Lh
fOvh LeLur Lo more coapleX organopt.osshorus compounds.

In un effort o produce negative parent fons’ trom these onuupnorus
Loundn, ?uxon;;u-z 10 alphe particle source has ‘been designsd that
(1 be caosoved in such studies. ‘ -

70 ov positive lon miss sgoctrs have been obtained for O-thyl—
iedinerhylshosphoremideryanid.te (Tabun, GA) and: chloromeﬁhylphosphonic

tieipt o5 been made to purify some simple phosphorus compounde
oy mass spectromciric analyses., : : : R

§

C-uients roccovea for study have been properly ttansfer:ed1add;await

é . g
o b

Erergetic siudics by elther appearence potent als or clastogiéﬁi.,
Lave been mese for the positive ions from 0,0 O-triethyl phosphoroth10f4

O
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2, SIATRMENT OF FhORLEM

Tids wovk wes indtieteu in urder (1) to obtain the mass spectre, (2)
Lo make encergetic studles by appearence potentisl and clastogram determin-
ations for both positive and negative ions, and (3) to form negotive parent
molevule ions by bombardment of biologically active compounds containing
P, N, and S by means of a polonium-210 alpha particle source,

2. _BACKGROUND

Preliminary investigations of organophosphorus compounds such as GB
and GD have indicated that these biclegically active materisls are ionized
at low potentials (2. il.5 ev) enc that at electron energles sbove about
15 ev there is significant fragmentation of the parent molecule positive
ion. However, the ionization and dissociation processes observed are poor-
1y understood, attributable largely to = luck of fundamentel information
concorning cimilar processes in simpler orgsnophosphorus compounds. Be-
cause little or no information is available about the piocesses in the
biologically active compounds, it is necessary to study both the simpler
and the more complex organophosphorus molecules.

The study of both the positive and the negative jons formed in the
ionization and dissocistion prccesses is imporiant to urderstanding the
fragmentation routes. It has been reported that the G-agents capture low
energy electrons to form parent neyative ions, but almost certainly other
negat.vely charged fragment ions will be formed with higher energy electrons
through discociative electron attachment. No information is evailable about
negative ion clastograms which would indicate possible routes of fragmenc-
ation,

3, APPROACH TC_THE PROBLEM

3 Ma

The materials to be studied include GA, GF, CH5PECL,, 8?(0".255)3,

parathion, methyl parathion, methyl acid phosphate, chlorodiphenyl phosphine,
benzenephosphorus oxychloride, benzenephosphorus dichloride, and shloro-
methyliphosphonic dichloride.

3,2

The equipment items discussed In section 3.2 of Quarterly Progress
Report Number 1 were used to continue these studies. An additionsl ites
not included in the previous report is the polonium-210 elphs particle
source for the time-of-flight mass spoctrometer. The license required to
handle polonfum-210 has been approved by the sppropriste sgency within the
State of Kansas and by the Kansas Stete University Radistion Safety Commit-
tee. After the source has been received, the Kansas Stats University
Safety Control Officer will conduct wipe tests around the sourdé.st 3-month
intervals to ascertain any leakage 6f the radiosctive material., . -

7
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AL CoLraued apove for traasforscring

Galonwol heve Lo icieny vapor presisure to permit record-
ST Pvousing Che suraal inlet system on the mass spectro-
Co. o Lample ©f Uhe selerial wou introduced into the mass spectrometer
ceohetoa Bl Lo nondbe oot oad Yo lorLzation source.

Pryee Comenonc s Sradies

rvestie Lo were chiorodiphenyl phosphine, chlore-
chivride, T oene nephos pno“ur oxychloride, and benzene-

Sl ciao, The ooos oectrum of each compound showed signii-
: “tieiwls e mace to purify these substances by means
G .
o la virdt
lon of e onew oo oo L1 G4 has been transferred into a sample
au Tor mocn spectruaoiri rvestigation. A preliminary examin-
Cion of this material indioter oonoos spectrum very similsr to the onc
Ltuined Trom the oricinegl coople of GAL The principal positively-charged
r DL found i the sacs ecirum of GA are linied in Table 2, but

o oeflory has been made 1o obiuin either & clastogram or energetic datu e
“nie compound until the puri: s of tho malerial has been established, There
% reason Lo believe that the lone appearing at m/q values of 42, 43, 44,
and 70 aro due to one or more impurities rather than being formed from GA.

The pérticular reason for this assianment is due to the very large relative

tincitics of these lone s compired 1o the parent and other ions in the
£o cpectrum.

About one wl of thie liguid nas becn cransferred into sample storage
vulbs  and stored n the freezer compariment of the G-agent refrigerator

ek 4 Y

until 41 can be studied ma:s spectirometrically.

5.0, 0.0,0-Tristhyvl Phesohorothinnate Studies

The appearance potentials yiven in Table 1 represent date taken only
4ith thoe energy compensation teshnique. A more detailed energetit analy:-is
's necded in order to supplement the clastogram .dats; this will provide-

st of the proposed fragmeniation scheme given in Quarterly Progrezs
Report Number 1.
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in the relative sbuag-

e

PLoLoh Dviaeen tricthy]

saphiate and O,0,0~ ¢ fethy
o e o Tanle o cumperisen of the two spect-e,
o tenaenacy {ol toe Lo compound to ¢issoclats into

Ve, Y CH;

REUTRY S mans fregments, Slthough the relative abundances differ,
- ' reveal the seme generasl type of ions with hudrocen atcm
Poen Lo rion aqueite srevalent on Loth moterials,
e et eahnonbion o Dok lardde Sudies

From the eneraetic

P I
ST LT

data and the heats of formation of the jons, scme
reculic have com: about becaus: of the study of this compound.
investivaloro, working with liwlogenat ed compounds, have assumed that
weowb vemoving @ balvoen from the parent fon involves an ion-pair
wiionoan loe major lonic gar phase process. For exomple, Halmenn and
Con UGS nave gprogased the felluwing reactien:

o . + “w"

FOCL, - uCL, + Ql (1)
in osome dount thei tnis iz whe major reaction procest Lecavse of
ostigaticn of methylthicphvspnonic dichloride. From Teble &, wo have

o e -
Letc Lhe nirocess e

Gyl - vbcxz* \ G, (2

. ey . ~1
cbeat of formation of PECL L calevlated Lo be 167 kcal mole ©. - The
R R of obtaining agreciient with the heat of formation ~f PSCl,," in
wtudies 1o by writing th foliowing reactior: -

PSCYL, - e, 4 el e < 161 kel more™! (3)
1w cnteride lon 16 used iasteas of the neutral, chlorine atom, the heat of
fermation differs by approximately &7 kcal mole ©. A similar comparison i
shoerved using the PCIU+ ion from PCL. and CH3PC19. From these two studies
vhare wppoart 1o Le sofe doubt as to ghe validity of writing ion-pair Fro-
wriuet 3 the major ionic procesves occuring upon clectron impact. ITon-
processes do Indeed orcuwi, since uvther investigators have measured

dotuersnce potentials of the .on poirs and found them to be thz same. From
our resultn we must dssume that the cross section for the ien-pair precess
25oomrlloin conparison Lo that for Lhe reaction producing a neutral halogen
Guom

recatlive jon studies of this compound using the Hewlett-Packard system
fave boe. made. The results are presentod in Tablc 4 and shown in

1inD
Figure 2. The chloride len Is the only significant negative lon present
cver & wide range of electron energy,

s, Parathion Studies

A sample of parathlon wis connectrd to the inlet system of the TOF
mues spectrometer, Due to the low volatility of the compound it was not
Lt ib

ible to obtain a mass spectrum, Because of the toricity of parathion,

16
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.

*
AT a el ne ] o e TRl vernpeveturs” fontration souveno,

Betioa® vornlbior Starle:

‘ e it

Ao expected from the resylts with porathion, sethyl parathion was elso
 nen-volatile to b studled in our masc spectrometor with tho genersl

RV
nlut syoten,

Dot Meriyd Actd Phosphiets Studi~s

‘?“?,

wointroduction of this substence Into the mass spectrometer by mesns
¥ the "high lemperature” jonization source sample bo.t created puch diffi-
culty. 1t appoared to possezs sufficient vepor pressure %o disciil -out of
trig wewple cell while sealed inside the flight tube of the mass speotro-
meier, thereby preventing the diffusion pump from sttaining ¢ sufficiently
low vacuum required for the proper operstion of the mess spectrometasr,
Uonsiderable smounts of hydrolyzed materisl had to be removed from the
inzide of the spectrumeter flight 4ube after these sitempted expariments,
Yo further attempis wore made to obtain e mass spectrum nf thie compound.

L .. Other Compounds Studisd

The mass spectra of chlorodiphenyl phusphine, chloromath;iphosphonic
dichloride, benzenephospharus oxvehloride, end benzenephosphorus dichloride
a1l exbib!ted large guantitles of j.apurities such 2« PCly and POCl,,
Attempts to design gas chrometogrsphic technicuer to permit the purifi~at-
iun of these mrierials did not yield satisfactory results, An exmmpls of
*he problem encourtered is illustrated in Table 5, The aample of chloro-
mathylphosphanic dichloride containod large smounts of PCly snd PCCy
which could not be separsted irc the desired compiund. As A resy'*t. -~
furthe- data nns been tzken on these systems at the preseni time.

£. CONCLUSIONS
70 ev positive ion maus spuctra have been obtained for O-ethyl-
N,N-dimethylphosphoramidocysnidate (Tabun, GA) and c¢hloromethylphosphonie

dichloride. An attempt hss been mode to purify other simple phosphorus
s pounds for mass spectrometric analyses,

G-agents received for study have bean properly trensferred 2nd now
awnit detalled investigations.

Energetic studles by eithsr sppearance potentiils or clastograms have

boen made for the pocitive {oms from 0,0,0~triethyl vhosphorcthionate end
methylthiephosphonic dichloride,

2, LITELATJRE CIIPD
(1) J. W. Warren, Npturs, 189. 810 (19%D).

{2) F. P. Lossing, A, W. Tickner, and W, 4, Bryce, I, Cham. Phve.,
19, 1254 (1931).
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. ¥, Kiser and E. J. Gallegos, /. “hys. Chem., 66, 947 (1962),
W, Halmann and Y, Klein, J. Chem. Soc., 1964, 4324, . V
{. Wada, Doctoral Dissertation, Kansas State University, 1964,

D, A. Bafus, .. J. Gallegos ang R, W, hNser, J. Phus. Mu D
2614 (1966) . ' )
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Tanle 1,

from 0,0,0-Triethyi Pheosrhorothionate,

on

- +
(,?H3

4
Cng\

et 3 +
L;C,ztiﬁ
?{QH);

Q?(OH);

. +
plor) (oczus)

sx>(on)2+

+
PC{QH)(OCQHS)

+
! [%3
PLCC,H) 4
+
57 (OCQHS) q

a/a

7
29
45
&5
1531
83
97
109
121

198

¥} Dotermined by

Relative
Abundance

56.4

100,06

p

Appearance

19.0
17.5
15.2
15.2
19.7
13.0
15.3
12.7
11.4

7.5

T .

dreliminary Electron lupact Data for the Positivolyvch.rged Ions

v)*

the encrgy compensation technique (3).

15
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ositively=-Clisrocd Tonic Speclies Found in the Mal!

Rolative
Inn Abundoncoe

o, 2.3
oon a6
27 T
RS’ noy o
Catl, 22.2
rzk-»d‘i" - [
'4;.,?‘3;, 3‘1-»,
i) 2.0
30{)
50,0
100.0
85.7

14,5

b
£y 12,0
4

P(O}!),) 4.3
4.1
A5, 0

5.0

16

in/
Al

99
91
g2
93
106
167
108
117
133
134
35
136
147

142

v of © ‘th‘*b,“"é}mvth/zuhosphoram!docyanidafe.

Relative
Top . Abvndance

P(o)n(ma)(cu ' 2,0
P(o)v«(t:Hs)2 1.8
P(OH)N(CH3)2 2.0
HP(OH)N{CH )2 1.8
P(O)zﬂ(w )(CH y* 4,8
p(o)zx\a(cua)2 4,8
P(O)(OH)N(CH ) 7.9
P(O)(GN)N(CH '2 3.4
2¢] (m)u(cu.,) 14,5
PO(OH)(CN)N(CH ) 5.1
P(OH),‘CN)N(CH ) 3.3
p(ou)z(ucu)u(m )3 2.3

OPO(ON)N(CH ) 1.3
G u OP()(CN)N(G! )2 9,7

4,‘ %
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3. Comparlison of

the Zarn

0,0,0-Triethyl Phosphorothinnate,

Spectra of Triethyl Phosphate . (6; with

OP(OC g ) SP(OC,Hy) 4 .
T kRelative Relative
m/q Ten Abundance m/q Ton Abupdancs

| 2 2.0 27 02H3 56,4
| ot 45,4 29 CcHt 100.0
81 Polon) 2” 18,3 a5 cz,uso+ 37.2

e2  P(oH)," 47,0 a7 pot 16,3

ey wo(on)," 14,4 65  nro(ony* 64,0

99 plowy,’ 100.0 Bl Po(ou);’ 26,7

109 OP{UH}(OCHy ! 49,3 93 P(OH)(OCZ}ls)+ 45,3

o (o t;)( i .1 ) 3,2 97 oP(OH)? 86,4

: phy e “"“2{""2"9’ R BRI n"ﬁﬂbi* Mn.a

175 PO, (OH) (0C,H,)" 19.7 114 sp(on),’ 24.4

126 PO(OH),(oc ;) 5.7 115 HSP(OH),* 32,6

127 9(0;1)3(002t{5)* 47,0 121 P(°c2H5)2+ 9.3

137 PO(OC M), 11.4 137 PO(OC, M), 6.7

130 "ion) (Ccz"s}; 106 1247 (Hs)v{nu)ﬁ(?’ci"s)+, 18.6

1o o och,) " 8.3 15 SP(OC M) " 9.9

155 plow),(0c, )" ¢8.0 194 SP(H)(0C )" 14,5

167 PO(OCH,) (0CH,),." 6.1 170 SP(OH)(OC M), 17.4
| 182 FO(OCH,)," 26,0 198 PS(0C,H, )" 47.7

1?




TLbhYe b, wartial Uleziron Tmpact Data for Positive and H‘»gaf.ln rms

Produced from Methylthiophosphonic Dichloride,®
Appearance

_ion n/q :‘Lnt:;if:29 Putzzzji Probable Prpcess ' (2Hefon)
a 15 13,7 16.9240.20 GiPSCL, = CH,' + PS # c1f2'~ 267
o ) 15,6
gc* 43 8.0 -
Py’ a4 16.2 ,
ron,* 45 475 15.4940.18 ~pout s meCl, 9
: vcﬂz+ 4% 6.3
nst 63 32,5 15,4540.32 ~pst+on, k01, 233
: ey 66 5.5
: o ps’ 77 34,5 13.8340.29 - cuips* +HL+C1 221
:*; o pett Bl 4.2 , 1
spey” 98 4.3
e, 101 6
3 cupser’ 113 100,0 11,8740.28 - cuesar’ + 1 154
speL,’ 133 10.5 12.5740.28 - spmz’_ + o, 167
rntftv,12+ 14 6.5 %,0%0.00 i ﬂ"a’iglé* 100
c1” »  100.0"
e a3 13,07 ,
oy, R

(a) An estimated AH {0839581 (g}] = -91 kcal nole.‘ has besn employed in
these calculatiotns, .

(b) These values are related to each other, but not to the others in this
column, '
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ipui ?‘:.vs“ui iy-Chorued Tonic Spectles Found in thn Mern .
rum of Chloromethylphosphonic Dichloride,

3
3

/s Ion Abuzgglﬂa:,;v; 79 ﬂlb 2

12 ¢t 6.2 f;;,

13 o 10.4

14 on,t " |
noF 29.8

» o 2

a3 pct 7.6

s rod’ 21.8

4> PCH;' 11.4

47 I‘C)." ?

66 ra1t 45.6 ,
6 et 6.3 S
w2 oot 16.0

83 POHC1+ 2.0

01 ke’ 6.2

17 eocy,’ 9.2

130 K:POC12+ 11.6

1 geocn,t 31.4

I 100.0

166 CIH,CPOCL," 20,6

PIRLTE e e P
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